EXPERIMENT NO 1

Name of experiment

Density and specific gravity of crude oil and its derivatives

the objective of experiment

To measure the density and specific gravity of crude oil and its
derivatives and the classification of the type of oil

* Density: mass of a unit volume of a material substance. The

formula for density is d = M/V, where d is density, M is mass, and
V is volume. Density is commonly (experimentally ) expressed in
units of grams per cubic centimeter. For example, the density of

water is 1 gram per cubic centimeter.

It is calculated according to the following formula
p=m/V  where m: mass of liquid
v : volume of liquid

* The specific gravity: is the ratio between the density of an

object, and a reference substance Usually our reference
substance is water which always has a density of 1 gram per
milliliter or 1 gram per cubic centimeter.

It is calculated according to the following formula

Specific C ity = density of the object  pgpjec:
pecific Gravity = density of water  py.o



*The American Petroleum Institute gravity, or (API) : It is a
measure of the classification of crude oil into heavy, medium and
light based on specific gravity and density

It can be calculated by the formula
API=(141.5/SP)-131.5
where (SP) : specific gravity for oil
if (AP1) more than 29 it is mean that light crude oil
if (API) value between 20 to 29 it is mean that medium crude oil
if (AP1) value less than 20 it is mean that heavy crude oil
e We will using two methods to measure density :
1 — Hydrometer

2- pychometer

First method

Hydrometer

Hydrometer :an instrument for determining the specific gravity of
a liquid, commonly consisting of a graduated tube weighted to
float upright in the liquid whose specific gravity is being
measured.



Tools
1 — Hydrometer 2- cylinder
Procedure

To measure the density by hydrometer method , we fill the
cylinder with a liquid then the hydrometer must immersion in
petroleum product directly at a certain temperature, the density
read when corresponding liquid face with included measure at
eye level record the density

HYDROMETER

READ AT BOTTOM OF MENISCUS
READING: 22.5

Second method

Pycnometer a container Glass used for determining the density of
a liquid or powder, having a specific volume.

Tools

1 —pycnometer 2 - Digital balance



Procedure

1 — weight the clean dry pycnometer on the leading balance to
record the pycnometer weight only .(W1)

2 —fill pycnometer with liquid and record it (W2)
3 —calculate the density according to the formula :

P=(W1_W2)/NV

g;‘”‘,’ 100 mi20:c 136 |

Discussion

1- What are the compounds of crude oil and what are the
impurities present ?

2- Compare between the methods (hydrometer and pycnometer )

3- what are the causes error in hydrometer experiment ?



Q /Classify the crude oil and its derivatives by the
following data :

1-Mass=20gm ,vol=30ml
2-Mass=14gm ,vol=20 ml
3-Mass = 61 ,vol =92 ml

4-Mass =43 ,vol =57



Experiment NO 2
Name of experiment

Flash and fire point

Objective of experiment

To determine flash and fire point for crude oil and its derivatives .

Flash and fire point

*The flash point of a flammable liquid is the lowest temperature at
which it can form an ignitable mixture in air. At this temperature
the vapor may cease to burn when the source of ignition is
removed. A slightly higher temperature, the fire point, is defined as
the temperature at which the vapor continues to burn after being
ignited. Neither of these parameters are related to the temperatures
of the ignition source or of the burning liquid, which are much
higher. The flash point is often used as one descriptive
characteristic of liquid fuel, but it is also used to describe liquids
that are not used intentionally as fuels.

The fire point of a fuel is the temperature at which it will continue
to burn after ignition for at least 5 seconds. At the flash point, a
lower temperature, a substance will ignite, but vapor might not be
produced at a rate to sustain the fire. Fire point and autogenous
ignition are additional considerations when selecting fire resistant
greases.



Importance of flash and fire point

1 It indicates fire hazards of petroleum and evaporation losses
under high temperature

2__ It give us the idea about the maximum temperature which the
oil can be used ( it is important for storage and transportation)

3 Detection of pollutants in the given oil product

4 It classifies the petroleum products (light or heavy )

Methods for measurement flash point

1 — Pensky martens (closed cup test )

2 — Cleveland test (open cup test)

3 — Abel test

Pensky martens (closed cup test ) procedure

1 — the apparatus should be completely dried .

2 — the thermometer blub should dip in the oil .

3 — fill the sample of the lubricating oil cup to the mark.

4 —while applying the test flame , stirring should be continued .

5 —when the oil start flashing record the temperature.
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Cleveland test (open cup test ) procedure

1 — the apparatus should be completely dried .

2 — the thermometer blub should dip in the oil .

3 — fill the sample of the lubricating oil cup to the mark.

4 — start heating by heat source , but the heater is regulated.

5 - Give a spark source intermittently until the start of the flash

6 — record the temperature .




Discussion

1 - Talk about the effect of flash point and fire point on the quality
of the crude oil product?

2 — what are the factors that effect on fire point and flash point ?

3 — what is the difference between closed cup and open cup
methods?



Experiment NO 3

Name of experiment

Ash content

Objective of experiment

To determine ash content in crude oil

Ash content represents the incombustible component remaining
after a sample of the furnace oil is completely burned. The ash
content of petroleum products is generally low. It is defined as
inorganic residue that remains after combustion of the oil in air at
specific high temperature. Ash ranges from 0.1-0.2%. The ash
content of a fuel is a measure of the amount of inorganic
noncombustible material it contains. Some of the ash forming
constituents occur naturally in crude oil; others are present as a
result of refining or contamination during storage or distribution.

Knowledge of the amount of ash-forming material present in a
product can provide information as to whether or not the product is
suitable application. The ash content of petroleum products came
from the carbon residue of oil.



Procedure of experiment

1-clean the porcelain crucible and dry it for 15 minutes, then weigh
it empty after cooling it.

2-weight 10 grams of crude oil .

3- put the sample inthe porcelain crucible and weight it ,then burn
it in furnace at 750 degrees until the sample is completely burned
for 15 minutes

4-We wait for the porcelain crucible to cool and weigh it.

Calculation

Wi= M1 - M, where W; = weight of ash
M, = weight of porcelain crucible empty
M; = weight of porcelain crucible after burning

Ash % = W; weight of ash / W, weight of sample (crude oil ) *100%

Discussion
1 — what is the ash content ?
2- what is the purpose of calculation the ash content ?

3- what is the effects of ash content on crude oil ?



EXPERIMENT NO 4

Name of experiment

the Viscosity of crude oil and its derivatives

The objective of experiment

To measure the Viscosity of crude oil and its derivatives

Theory

The viscosity of liquid is a resistance to flow of a liquid. All liquids
appear resistance to flow change from liquid to another, the water faster
flow than glycerine, subsequently the viscosity of water less than
glycerine at same temperature. Viscosity occurs as a result of contact
liquid layers with each other. The viscosity is measuring by Ostwald
viscometer.
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The factors effect on the viscosity

1. Effect of Temperature: the temperature of the liquid fluid increases its
viscosity decreases. In gases its opposite, the viscosity of the gases fluids
increases as the temperature of the gas increases.

2. Molecular weight: the molecular weight of the liquid increases its
Viscosity increases.

3. Pressure: when increase the pressure on liquids, the viscosity increase
because increase the attraction force between the molecules of liquid.

Procedure
1. Clean the viscometer by the water and dry it.

2. Put a certain amount of liquid in the large bulge viscometer and pull it
by pipette until the small bulge is full.

3. Put viscometer vertically at the desired temperature.

4. Let the liquid to flow through the capillary tube with run time when the
liquid reaches the mark shown on the viscometer and then stopped time
when the liquid reaches the bottom mark.

5. Repeat the experiment to other liquids.



Calculation:

Calculate the viscosity by the relationships:

N1 _ t;dy
N2 tad;

1, is viscosity of liquid 1.

N, is viscosity of water 0.891 poise.
t; flow time of liquid 1.

t, flow time of water.

d, density of liquid 1.

d, density of water 0.997 g/cm?.

Discussion

1- What are the methods to measure viscosity ? what is the best method ?
why ?

2- What are the factors that effect on viscosity , Explain with details ?
3- What are the error recourses in the experiment ?

4- Talk about effect the difference of viscosity in crude oil and its
derivatives ?






Exp.4 Determination the Viscosity of Liquids

Theory:

The viscosity of liquid is a resistance to flow of a liquid. All liquids
appear resistance to flow change from liquid to another, the water faster flow
than glycerin, subsequently the viscosity of water less than glycerin at same
temperature. Viscosity occurs as a result of contact liquid layers with each
other. The viscosity is measuring by Ostwald viscometer.

Relative Viscosity is the ratio of the absolute viscosity of the fluid on the
viscosity of water at a certain temperature.
The viscosity coefficient is force (dyne) necessary to move the layer of liquid
1 cm? in speed 1 cm/sec on another layer of liquid and the distance between
them is 1cm.

Equation the Poisellieh :

t1Tr4f

= 8vl
For two liquids:
N hity
N, bt
Where:

4
L 1s constant
8vl
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When:

f = gdh
L tydy
N, tyd

1, is viscosity of liquid 1.

1, is viscosity of liquid 2.

t, flow time of liquid 1.

t, flow time of liquid 2.

d; density of liquid 1.

d, density of liquid 2.

The factors effect on the viscosity:

1. Effect of Temperature: the temperature of the liquid fluid increases its
viscosity decreases. In gases its opposite, the viscosity of the gases
fluids increases as the temperature of the gas increases.

2. Molecular weight: the molecular weight of the liquid increases its
viscosity increases.

3. Pressure: when increase the pressure on liquids, the viscosity increase

because increase the attraction force between the molecules of liquid.
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Chemicals and materials:
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Ethanol

Glycerin

Di water

Baker

Ostawld viscometer

Pipet

Procedure:

1.

2.

Clean the viscometer by the water and ethanol and dry it.

Put a certain amount of liquid in the large bulge viscometer and pull it
by pipette until the small bulge is full.

Put viscometer vertically in the water bath at the desired temperature.
Let the liquid to flow through the capillary tube with run time when

the liquid reaches the mark shown on the viscometer and then stopped

time when the liquid reaches the bottom mark.

Repeat the experiment and record the results (take average of results).
Repeat the experiment to other liquids.

Change the temperature and calculate the viscosity.

18



Calculation:

Calculate the viscosity by the relationships:

M _ t;d;
N, tyd;

1, is viscosity of liquid 1.

1, is viscosity of water 0.891 poise.

t, flow time of liquid 1.

t, flow time of water.

d; density of liquid 1.

d, density of water 0.997 g/cm3.

Can be calculate the Relative Viscosity by the relationships:

n,

nH-_‘O

TI relative

Liquid 1: ethanol (density of ethanol = 0.789 g/cmd)

Temperature | Time (Sec.) Average time | Viscosity | Relative Viscosity
(C") (poise)

25

30

35

Liquid 2: glycerin (density of glycerin =1.261 g/cmd)

25

30

35
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Experiment NO 5

Name of experiment
Drying
Objective of experiment

To measure the humidity content after drying process

*Drying ;is a mass transfer process consisting of the removal of water or
another solvent by evaporation from a solid, semi-solid or liquid. This
process is often used as a final production step before selling or packaging
products. To be considered "dried", the final product must be solid, in the
form of a continuous sheet (e.g., paper). A source of heat and an agent to
remove the vapor produced by the process are often involved. In bio
products like food, grains, and pharmaceuticals like vaccines, the solvent to
be removed is almost invariably water. Desiccation may be synonymous
with drying or considered an extreme form of drying.

In the most common case, a gas stream, e.g., air, applies the heat by
convection and carries away the vapor as humidity. Other possibilities are
vacuum drying, where heat is supplied by conduction or radiation (or
microwaves), while the vapor thus produced is removed by the vacuum
system. Another indirect technique is drum drying where a heated surface is
used to provide the energy, and aspirators draw the vapor outside the room.



TRAY DRYERS

« a batch tray dryeR consists of a stack of
trays or several stacks of trays placed in a
large insulated chamber in which hot air is
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Tools used

1 — Digital balance .
2 — Beaker .

3 — Dryer .
4—Tray .

Procedure

1 —Let the pressed steam (1-3) bar to enter the tray until it reaches to steady
state .

2 — Add (20 ml water , 20 gm of sand , to get paste .
3 — Put the paste in the one tray used for drying .

4 — Put the tray in its place in the dryer and let the air at constant volumetric
rate .

5 — Take the tray out of dryer , wait the tray to reduce its temperature every
10 minutes .

6 — Continue the process until the water removed from the paste.

Calculation

weight of wet sample — weight of dry sample

Humidity = *100 %

weight of dry sample



Discussion
1 — What are the advantages and disadvantages of drying ?
2 — Why we choose the sand in our experiment ?

3 —What is the mechanism of drying ?
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General Overview

The Armfield PCT40 system is designed for use in teaching a wide range of process
control methods. The PCT40 basic unit is used under computer control to
demonstrate a variety of process control loops. Processes such as level control,
temperature control, flow control and pressure control can all be investigated, as can
manual, on/off, proportional and PID control. The software included with the unit
allows the student to change the control parameters and analyse the results from
different configurations.

More advanced aspects of control can be addressed by adding optional extras to the
basic system. The PCT 41 expands on the capabilities of the PCT40 with a wider
range of control loops and strategies, including Remote Set Points, dual loops and
Fluid Property Control (using Conductivity as a representative example). All these
loops are under software control.

Other accessories are available, including a pH Probe (PCT42) for use with PCT41,
an Electronic Console (PCT43) with commercial PID controller that allows the PCT40
to be operated directly without the need for a PC, and a Pneumatic Valve Module
(PCT44) for those wishing to implement specialised demonstrations.

PCT40 Basic Process Control Unit with PCT41 Process Vessel Accessory
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Important Safety Information

Introduction

All practical work areas and laboratories should be covered by local safety
regulations which must be followed at all times.

It is the responsibility of the owner to ensure that all users are made aware of
relevant local regulations, and that the apparatus is operated in accordance with
those regulations. If requested then Armfield can supply a typical set of standard
laboratory safety rules, but these are guidelines only and should be modified as
required. Supervision of users should be provided whenever appropriate.

Your PCT40 Basic Process Control Unit has been designed to be safe in use when
installed, operated and maintained in accordance with the instructions in this manual.
As with any piece of sophisticated equipment, dangers exist if the equipment is
misused, mishandled or badly maintained.

Electrical Safety

The equipment described in this Instruction Manual operates from a mains voltage
electrical supply. It must be connected to a supply of the same frequency and voltage
as marked on the equipment or the mains lead. If in doubt, consult a qualified
electrician or contact Armfield.

The equipment must not be operated with any of the panels removed.

To give increased operator protection, the unit incorporates a Residual Current
Device (RCD), alternatively called an Earth Leakage Circuit Breaker, as an integral
part of this equipment. If through misuse or accident the equipment becomes
electrically dangerous, the RCD will switch off the electrical supply and reduce the
severity of any electric shock received by an operator to a level which, under normal
circumstances, will not cause injury to that person.

At least once each month, check that the RCD is operating correctly by pressing the
TEST button. The circuit breaker MUST trip when the button is pressed. Failure to
trip means that the operator is not protected and the equipment must be checked and
repaired by a competent electrician before it is used.

Hot Surfaces and Liquids

The unit incorporates an electric heating element, and is capable of producing
temperatures that could cause skin burns or scalds.

Ensure that the heating element is off when not required for the exercise being
performed.

When using the heating element, before disconnecting any of the pipes or tubing:
e Stop all the pumps.
e Leave time for the water to cool
¢ Check that the temperature is at a safe level

Do not touch any surfaces close to ‘Hot Surfaces’ warning labels, or any of the
interconnecting tubing, whilst the equipment is in use.



Important Safety Information

Chemical Safety

Details of the chemicals intended for use with this equipment are given in the
Operational Procedures section. Chemicals purchased by the user are normally
supplied with a COSHH data sheet which provides information on safe handling,
health and safety and other issues. It is important that these guidelines are adhered
to.

e ltis the user’s responsibility to handle chemicals safely.
¢ Prepare chemicals and operate the equipment in well ventilated areas.

e Only use chemicals specified in the equipment manuals and in the
concentrations recommended.

o Follow local regulations regarding chemical storage and disposal.

Water Borne Hazards

The equipment described in this instruction manual involves the use of water, which
under certain conditions can create a health hazard due to infection by harmful
micro-organisms.

For example, the microscopic bacterium called Legionella pneumophila will feed on
any scale, rust, algae or sludge in water and will breed rapidly if the temperature of
water is between 20 and 45°C. Any water containing this bacterium which is sprayed
or splashed creating air-borne droplets can produce a form of pneumonia called
Legionnaires Disease which is potentially fatal.

Legionella is not the only harmful micro-organism which can infect water, but it
serves as a useful example of the need for cleanliness.

Under the COSHH regulations, the following precautions must be observed:

e Any water contained within the product must not be allowed to stagnate, ie.
the water must be changed regularly.

e Any rust, sludge, scale or algae on which micro-organisms can feed must be
removed regularly, i.e. the equipment must be cleaned regularly.

e Where practicable the water should be maintained at a temperature below
20°C. If this is not practicable then the water should be disinfected if it is safe
and appropriate to do so. Note that other hazards may exist in the handling of
biocides used to disinfect the water.

e A scheme should be prepared for preventing or controlling the risk
incorporating all of the actions listed above.

Further details on preventing infection are contained in the publication “The Control
of Legionellosis including Legionnaires Disease” - Health and Safety Series booklet
HS (G) 70.



Description

Overview

The PCT40 base unit consists of a moulded plinth, two process vessels, pumps and
sensors as well as a mounting point and electrical connections for the optional
PCT41 accessory.

Moulded Plinth

The base plate for the large process vessel is centrally located on a moulded plinth
and secured using thumb nuts.

The plinth includes a drainage channel with a drain valve located at the end of the
channel. The valve can be connected to a suitable drain using the flexible tubing
supplied. The valve should be left open when connected to a drain
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A mains power inlet socket and sensor connections are located at the rear of the
plinth, which also incorporates an RCD and circuit breakers for electrical safety.



Description

RCD and
Circuit

Braakers

Mains

Socket

Sensor
Connections

The front of the plinth incorporates the mains on/off switch and a USB socket for
connection to a PC running the Armfield PCT40 software.

Mains Indicator Light

N USB port

s Mains On/Off

Both a 60-way I/O connector and a 50-way I/O connector are located on the right
hand end of the plinth and may be used for connecting the PCT43 Electronic
Console, when required.

The left-hand end of the plinth includes a mounting point for the optional PCT41
Process Vessel Accessory.
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Other options such as the PCT44 Pneumatic Control Valve and PCT43 Electronic
Console are designed to stand alongside the plinth when in use.

Large Process Vessel

Lewvel Switch
(Float Switch)
Differantial Level Switch

F Clear Tank

Inner Cylinder

ESRARLCELALI TR

Level Scale

The large acrylic vessel has a removable tube inside to vary the volume of the
vessel. When installed on the ‘O’ rings at the base, the tube creates an annular
vessel of reduced volume. The vessel is mounted on spacers to allow access to the
connections on the underside. The vessel includes a level scale. Tappings in the
base of the vessel allow connections to pressure sensors, solenoid valves and
pumps. A vertical overflow tube is included as a safety feature.



Description

The lid of the vessel supports an adjustable height level switch, a differential level
switch and a dip tube for filling or draining the vessel from the top using one of the
pumps or control valves.

Small Process Vessel (Hot Water Tank)

The base unit includes a small clear acrylic process vessel at the rear. This vessel
incorporates an electrical element for heating water. A thermostat and level detector
are incorporated in the vessel to prevent the heater from operating if the water is too
hot or the level in the vessel is too low. These safety devices are fixed and cannot be
used for experimental purposes. The inlet and outlet on the side of the vessel have
quick-release fittings. The vessel lid provides support for the heating/cooling coil.

Lid

Lewal Sansor

Small Tank

Healing [
Cooling ol

Hegting
Elament
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Heating/Coiling Coil

This is a stainless steel coil mounted on a lid that is designed to fit inside the small
process vessel around heating element. Fittings at the inlet and outlet of the coil
accommodate thermocouple-type temperature sensors and allow connection to the
water supply.

The lid accommodates adjustable glands for a variable-height thermocouple sensor
T1, a thermometer pocket and a temperature switch (thermostat). A spare gland
allows an additional thermometer (not supplied) to be inserted into the vessel for the
purpose of calibration.
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Description

The manifold block incorporates three orifices with associated differential pressure
sensors that can be used to measure flowrate The orifice associated with pressure
sensors P1 and P2 is 1.9 mm diameter and suited to the low flow rates used in the
PCT41 Process Vessel Accessory. In use the tube from the peristaltic pump is
connected to the small quick release fitting at the front and the tube from the Process
Vessel is connected to the ferrule at the rear so that the fluid flowing to the reactor
vessel passes through the orifice.

The orifice associated with P3 is 3.7 mm diameter and suited to the higher flowrates
used on PCT40. Fluid enters the orifice via a large quick release connector on the
front of the block and exits via a Guest push fitting at the rear. An additional large
quick release fitting (sealed) at the side of the block allows the flow from both
peristaltic pumps to be combined before it passes through the orifice. The
downstream connection from the orifice to P3 incorporates an in-line quick release
connector. In normal use this is connected to give differential pressure that is related
to flow. Alternatively the connection can be broken, with the sensor vented to
atmosphere to allow line pressure to be measured.

Process valves SOL 1, 2 and 3

A Normally Closed solenoid valve, SOL 1, is located in front of the Proportioning
Solenoid Valve for use in on/off control exercises.

=~ =7

Two Normally Closed solenoid valves, SOL 2 and SOL3, are fitted beneath the large
process vessel. The outlet of both valves can be connected to a suitable drain using
the flexible tubing supplied.

11
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Pressure Regulator (PRV)

The mains water inlet is connected to a pressure regulating value with integral filter.
The flow of water through the equipment can be varied by adjusting the setting of the

regulator.

Inlet Flow Meter F1

A turbine type flow meter is fitted in series with the mains water inlet to allow inlet
flow rate measurement. The flow meter has a range of 0 to 1.5 litres/minute.

Proportioning Solenoid Valve PSV

A proportioning solenoid valve is located near the mains water inlet. This is used in
some process control exercises to demonstrate proportional control. At other times it

may be used to regulate the inlet flow rate.

12



Description

Gear Pump

A DC motor-driven pump is located at the front of the plinth. This pump is used to
pump hot water during heating and temperature control experiments.

Peristaltic Pumps A & B

Two identical peristaltic pumps are located on the front of the plinth. These can take
a wide range of silicone tubing, examples of which are included with the apparatus.
The pumps may be operated individually or in parallel according to the control

exercise. Pump A is located on the left-hand side, Pump B is located on the right-
hand side.

13
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Differential Pressure Sensors P1, P2 & P3

Three piezoelectric differential pressure sensors are located within the bottom
section of the manifold block. Each is connected to read the differential pressure
across an orifice in the top section of the block. P1 and P2 are small orifices used to

measure the small flowrates associated with the optional PCT41. P3 is a large orifice
for use with PCT40.

Level Sensor L1

T

A piezoelectric pressure sensor is mounted in the base of the large process vessel.
One side is connected to the inside of the process vessel, and the other is open to
atmosphere, allowing the pressure in the process vessel to be measured relative to
atmosphere. This sensor therefore measures the level of water in the vessel.

14



Description

Temperature Sensor T1

A type k thermocouple temperature probe mounted with the heating/cooling coil in
the small process vessel. This probe is used to measure the fluid temperature inside
the small process vessel.

Temperature Sensors T2 & T3

Two type K thermocouples located at the inlet and the outlet of the heating/cooling
coil. These are used to measure the temperature of the fluid as it enters and leaves
the coil.
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Temperature Sensor T4

A type K thermocouple is located near the back of the base plate to the left of the
large process vessel. This sensor is used during experiments utilising a holding tube,
to measure fluid temperature at the outlet of the holding tube. This sensor is also
used to measure temperature inside the reactor of the optional PCT41.

Level Switch

A height-adjustable fixed dead-band float switch.

16



Description

Differential Level Switch

A variable dead-band conductive level switch consisting of fixed earth rod and
adjustable high / low level electrodes on a support.

Thermostat (Temperature switch)

A fixed dead-band temperature switch consisting of a rod thermostat with adjustable
set point.

17
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Thermometer Pocket

\_@%‘ il ;E.E

A stainless steel thermometer pocket is located in the lid of the small process vessel.
This slows the response of thermocouple T1 when it is inserted into the pocket.

Software

The PCT40 is supplied with an educational software package with a wide range of
facilities and functions. The computer is the primary interface between the user and
the equipment. The software displays real time process mimic diagrams with
readings of the relevant sensor outputs and controls for the system inputs. Manual,
On/off, time proportioned and PID control loops can be configured using ten
predetermined student exercises.

All control and sensor signals can be logged continuously using the PC, and
disturbances of known magnitude can be introduced. This eliminates the need for a
separate process recorder or chart recorder for analysis of the process control
responses. This software is compatible with PCs using Microsoft Windows™ 98,
2000 and XP. The computer communicates to the PCT40 using a standard universal
serial bus (USB) interface. Installation instructions are printed on the label of the
software CD provided with the equipment. The software includes a comprehensive
online Help Text.

The software also includes a driver to allow the users to write their own Labview
software. (Note: Armfield only provide the driver, NOT the Labview software).
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Advisory

Before operating the equipment, it must be unpacked, assembled and installed as
described in the steps that follow. Safe use of the equipment depends on following
the correct installation procedure.

Installation Process
To install the equipment:

1. Take the PCT40 unit out of its packing box and remove all packaging. Retain
all leads and tubing.

3. Connect the inlet to a supply of cold water using a standard %" / 12.5mm
length of standard hose (not supplied by Armfield), and secure using a
suitable clip (not supplied).
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4. Connect the tubing supplied with right-angle (90°) Guest push fittings to the
valves SOL2 and SOL3 beside the large process vessel.

—] =7
5. Use the electrical cable provided, connect the power socket at the rear of the
plinth to a suitable mains electricity supply.

6. Check that the RCD and circuit breakers at the back of the equipment are in
the ON (up) position:

20



Installation

Insert the PCT40 software CD-ROM into the CD-R drive of a suitable PC. The
installation program should autorun. If it does not, select ‘Run...” from your Start
menu, type run d:\setup where d is the letter of your CD-ROM drive. Follow the

instructions on screen.

wterface instaliation

Lol Hriee fnstall drrver far th
@ stall the PCT40 .
Visit the Armifleld Website

Weloome: E

‘wi=lcame bo the PLTA0 Selup program. This pragram
wil mztal PLT 40 0n vowr compulen

It iz strargly tecammended that pau el Al Windaws pragrams
Eeore g this Sehun program,

Chek Cermcelto quit Selup end hen dose sp piogrems you
haverarring Clhick Hest o cantinue with the Sehup program,

wiHHIMNG: The program is probected by copyoght lave =rd
intematianag eatie:

Urnzuthoiized neprodaction o disebation of thi plogezm, o ary
portion of if, may resul in z=vere civil and cimin el penabies, and
il b o et 1o B maimam eshent pozsioks wnder law

8. Connect the PCT40 to the PC. using the USB cable supplied.
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9. The computer should automatically detect the USB interface device. Follow
the instructions to install the correct driver:

Found New Hardware

“@ Armfield USB Device
~a)

Irztalling ...

Found Mew Hardware Wizard

Welcome to the Found Mew
Hardware Wizard

This wezard helps pou nstdl a device dives far
Arrdiedd UsH Device

Ta conlinue, click Hext

22



Found Hew Hardware Wizard

Install Hardware Dewice Dowvers

A device diiver i 2 software program that enables a hardwane device bo vk with
anaperating spshem.

This wizard wall complete the mstallation foe this device

.r_"é;. Armisid USE device

A davice diive it & sollwaie progiam thal mekes a hardware device wok. Windaws
resads diiven fles for pour rew device. To lbcate driver fies and comoleta the
instalation chok Myt

wihal do pau want the wizard fo da?

- {ﬂli_splag.' a bzl of e knoem dirvess Tos this device 2o that | canchaoss a specihc
e

< Back I Het = I Cancel

I,

Found New Hardware Wizard

Locate Drower Files
Where dio pou want Windows o zeanch for diver fles?

Search bar dnwer Fles bar bhe folowang hardweane device:
.r_"é;_ Anmiiedd USB device

The wizard searches for suiiable difvers 1 its drver databass onvowr compuber and in
ary ol the falewing aphonal search lcations that vou specip

T gtart the aznch, dick Mest If pou are sezrching ona fioppp dick or CO-ROM dive.
ireait the Aoppe disk or CO' before chicking Kest

Optiona sezich ocalion

™ COROM dives
[ Soecitv alocation
[ Mizioseit wWirdoass Lpdates

< Back Hest » Cancel

Found Hew Hardware Wizard

Compleling the Found Now
Hardware Wizard

\> Lrmdi=ld USE device

wWindams has linished irstaling the zofiware for lhe device

Tochsethiz weard. dick Finigh,

10. Run the

PCT40 software and select the Project Work exercise.

Installation
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i~ Sechon 10 Preszure Contiol

&+ Saction 17 Project Wk

11. The on/off switch for the apparatus is located on the orange panel on the front
of the plinth. Switch on the apparatus.

USE port

Mains On/Off

NOTE: The red and green LCD indicators on the front of the plinth are
associated with the USB connection to the PC. These may be lit even if the
PCT40 unit itself is switched off.

12. Using the flexible tubing provided, plumb the system as shown to allow
testing of the apparatus.

13. Close the pressure regulator: pull the grey knob away from the body of the
regulator, turn the knob fully anticlockwise, then push the knob back in.
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14. Open the PSV valve by typing a value of 50 into the display box on the
software screen.

PS5

ISIZI
|5EI s

15. Pull out the grey knob on the right hand side of the regulator.

16. Turn the knob slowly in a clockwise direction (looking at end of knob) to set a
flow rate of 1.4 L/min.

}-__ﬂ'\\

17. Lock the regulator setting by pushing the grey knob back towards the body of
the regulator:

i-__"\_\

L .
™, = :_—\5 .
\\P—F"”____i 51 --

—~T1p
x

18. Alter the setting of the PSV using the arrow keys. Flow into the small process
vessel should increase as the valve setting increases, and decrease as the
setting decreases. After testing, set the valve to 50% until the small process
vessel fills and water covers the tip of the level sensor.
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19. Close the PSV by setting it to 0%

P5w

—
O

20. Switch on the heater. (SSR drive). The heater may be audible when on.
Heated water will be visible as it rises from the element.

21. Check the temperature sensor readings on the software screen. T1 should
increase as the temperature within the vessel rises; T2 and T3 should
increase slightly as heat is conducted through the coill.

. IEEI.EI T T1
T |4EI.EI T T2
T |4EI.EI ‘T T3

22. Set the Heater Control to ‘Thermostat’. On the top of the thermostat probe,
set the control dial to 60 (°C). Check that the heater begins to operate.
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—Heater Contral———
" Manual/FID Contral
% Themosztat

Heater Contral——————
& Manual/FID Cantral

|7f" Thermaztat
Set the Heater Control back to ‘Manual/PID Control'.

23. Set the Gear Pump Speed to 50%. The gear pump should begin to operate
and water to flow from the small process vessel to drain.

[

Gear Pump Speed ‘1' - \'“ g
MNhot A N

24. When the water level in the small process vessel drops below the tip of the
level sensor, the gear pump and the heater should both stop working and the

Level Low warning light should turn red. This shows that the safety cut-outs
are working.

&  HA Level Low

25. Change the plumbing to connect the apparatus in the following way.
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27. Open valve SOL1 by selecting the ‘Control’ button, then setting Manual
control at 100%.
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Mode of Operation
= Automatic

r'I b il
! b aruial Clutput Imd Evi ¥

28. The large process vessel will begin to fill with water.

29. Observe that the level sensor reading on the software screen increases as
the water level rises. The sensor output should approximately match the level
reading from the gauge on the vessel side (the calibration procedure for the
sensor is described in the PCT40 software Help Text).

nnn I'lear

30. Allow the water in the large process vessel to reach a level of 250mm, then
close the valve SOL1 by setting it back to 0%.
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bl aral Oukput Iq hvl i

31. With the lid of the pump still open, set the speed of the pump to 30% by
typing this value into the display box on the software screen. The pump
should begin to operate.

—

Pump A Speed |n 3... ] . |
9

32. With the pump running, close the pump lid. Water should now be drawn along
the tube from the large process vessel, through the pump and then through
the differential pressure sensor set within the manifold block (in front of the
large process vessel).
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33. Check that there is a positive reading from the differential pressure sensor
P3. Increase the speed of Pump B, and check that the differential pressure
reading also increases. Reduce the speed of Pump A to 0.

0 rarm F1

35. With Pump A open, set the speed of the pump to 30%. The pump should
begin to operate.

36. Close the pump lid. Water should now be drawn along the flexible tubing from
the large process vessel, through Pump A and the differential pressure
sensor then out to drain.
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37. Vary the pump speed using the arrow keys to check that the pump is
controlling correctly, then set the pump speed back to 0%.

Pump & Speed IEEI 3, «— mp B Speed IEI 3,
Pump & Speed IDTE“F"ump B Speed IEI 3,

38. Select ‘Load New Experiment...” from the ‘File’ menu, and load Exercise 1.

E=PCT 40 Process Control Appara

“ File Edit Yiew DOptions Sample
H Open E|

Save b
Save s
| Page Setup
Prirt Setup
I Errirk .
Chooze the Experiment to Undertake—

- E xit | Fuéﬁectinn 1: Level Contral [inflowE

" Sechion 2 Level Cantral [inflow]

39. Set the software to control the valve SOL 1 using the Level (Float) Switch.

On0f - Salenoid 1 ———
" Controller

&+ Level [Float] Switch

= Differential Level
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SOL1 should open when the water level in the tank drops so that the float
reaches its lowest position...

B2
L =]

i

...and close when the float reaches the highest position as the water level
rises once more.

40. The blue plug (blue wire) to the top of the left-hand rod on the differential level
switch, which should be positioned to give the low level setpoint.

33



Armfield Instruction Manual

The green plug (green and yellow wire) to the socket on the back of the
differential level switch (the connection behind the metal ruler).

The red plug (brown wire) to the top of the right-hand rod on the differential
level switch, which should be positioned to give the high level setpoint.

|

o
. o
¥ H ‘

41. Adjust the level switch (float switch) until the float is higher than the lower of
the two electrodes on the differential level switch.

42. Allow the water level to reach the lower electrode on the differential level
switch.
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43. Lower the level switch and allow the water level in the vessel to drop to 50mm
below the level of the differential level sensor.

44, Set the software to control the valve SOL1 using the Differential Level Switch.

OnA0fF - Solenoid 1 ———
= Controller

" Level [Float] Switch

&+ Differential Lewvel

The level in the tank should now be controlled by the differential level switch.
SOL 1 should remain open until the water level in the tank reaches the higher
of the two electrodes, then close until the water level reaches the lower of the
two electrodes.
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45, Switch the control of SOL 1 to ‘Controller’. The valve should

OnA0fF - Solenoid 1 ———
+ Controller

 Level [Float) Switch

" Differential Level

Your PCT40 Multifunction Process Control Unit is now installed, commissioned and
ready for use. If the unit will not be used for some time, follow the procedure in
Emptying Tubes with Self Sealing Ends to drain the equipment.

Ensure all users have read and understood the Important Safety Information section
before operating the equipment.

Further information on the operation of the PCT40 may be found in the Operation
section.

Electrical Wiring Diagram
Click on the relevant link to invoke the Wiring Diagram:

Wiring Diagram CDM29377/1

Wiring Diagram CDM29377/2

Printed Versions of this Instruction Manual
Please note, all wiring diagrams are appended at the rear of this manual
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Where necessary, refer to the drawings in the Equipment Diagrams section.

Operating the Software

Note: The diagrams in this section are included as typical examples and may not
relate specifically to the individual product described in this instruction manual.

The Armfield Software is a powerful Educational and Data Logging tool with a wide
range of features. Some of the major features are highlighted below, to assist users,
but full details on the software and how to use it are provided in the presentations
and Help text incorporated in the Software. Help on Using the Software or Using the
Equipment is available by clicking the appropriate topic in the Help drop-down menu
from the upper toolbar when operating the software as shown:

Fle Edit View Options Sample Fompast ‘Window | Help
Dl & B E] [ e smaTheSdwae g @@ | L

Using The Equipment  #

sk

Abaut

Before operating the software ensure that the equipment has been connected to the
IFD5 Interface (where IFD5 is separate from the equipment) and the IFD5 has been
connected to a suitable PC using a USB lead. For further information on these
actions refer to the Operation manual.

Load the software. If multiple experiments are available then a menu will be
displayed listing the options. Wait for the presentation screen to open fully as shown:

S i Yes Qoo Seple Fogel Weds Hep

Dl & ﬂl-h'.ll--':!“h-?'b.** ed &
. About these presentations

. These presentations are designed to allow you to
o quickly understand how to

Duestions " Uge IhE ggﬂwgfe
» UUse the equipment
« Carry out the training exercises

Use the buttons at the bottom of the screen and the
menu at the left to navigate through the presentations

More MNext

T T R g T S LT Do TolF b b it o

Before proceeding to operate the software ensure that IFD: OK is displayed at the
bottom of the screen. If IFD:ERROR is displayed check the USB connection between
the IFD5 and the PC and confirm that the red and green LED’s are both illuminated.
If the problem persists then check that the driver is installed correctly (refer to the
Operation manual).
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Presentation Screen - Basics and Navigation

As stated above, the software starts with the Presentation Screen displayed. The
user is met by a simple presentation which gives them an overview of the capabilities
of the equipment and software and explains in simple terms how to navigate around
the software and summarizes the major facilities complete with direct links to detailed
context sensitive ‘help’ texts.

To view the presentations click Next or click the required topic in the left hand pane
as appropriate. Click More while displaying any of the topics to display a Help index
related to that topic.

To return to the Presentation screen at any time click the View Presentation icon
== from the main tool bar or click Presentation from the dropdown menu as
shown:

= -|oix
Fie Edl View [Optors Sample Forpst ‘wWindow Help
Dk E;:‘ EECEE ME & . « D& £
I

Sample [ Table

Sample N
— Show Gauge
E Shiow Hstory

Toolbars ]
Corstants

For more detailed information about the presentations refer to the Help available via
the upper toolbar when operating the software.

Toolbar

A toolbar is displayed at the top of the screen at all times, so users can jump
immediately to the facility they require, as shown:

File Edii “iew Options Sample Formal ‘Window Help

DEE & HEME @K @ € m @8 &

The upper menu expands as a dropdown menu when the cursor is placed over a
name.

The lower row of icons (standard for all Armfield Software) allows a particular
function to be selected. To aid recognition, pop-up text names appear when the
cursor is placed over the icon.

Mimic Diagram

The Mimic Diagram is the most commonly used screen and gives a pictorial
representation of the equipment, with continuously updated display boxes for all the
various sensor readings, calculated variables etc. directly in engineering units.

To view the Mimic Diagram click the View Diagram icon Bl from the main tool bar
or click Diagram from the View drop-down menu as shown:
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= A=k

Fie Edt |Wew Oplin: Semplk: Fomat Window Help

o ca."[- SEEE AR # ¢ & | @8 £
Grap!

Sampla [ Table

S ample N Fres=rkzation

3 Ehevs Gauge
E Ehiorss Hiskery

Trolbeis 3
Constanis

A Mimic diagram is displayed, similar to the diagram as shown:

Process Control Apparatis: Section 11 - [Diagram J—l' = ﬂ
Bz Edt Wew Optiors Savple Fomat Window Help
DEHd & L B E M E | # 08 n| @ | S

Samp'e Diata

[0 2] Hal Pump Speed! Prsumsiic velve o] SER Dirive [t m
Smmike Mo |'I

Elgpreed Time Wemm P1 || 3 ." H el e B —
AT ! i @ HA Ovaer Temp
Hlach Mota |I.'IE mm P2 s7C T3
Lz _| I @& Themat
Hewtgi Coriol | = -
& Manua /FID Coral [10Emm P2 i :_— al soLg 6T [l
 Themostat : & B
: s o S0L3
A0 & _ il g™ © |8 e
e QF M — - : |
SR - , | I ETTORTE = P '
PO - [ . ;
Hincer Off ; GIEmE Cond b 2l SoLd
5P [ - ®
— —R i I ¥ mlim  E1
Foal  Poe| | [ j l I l P8 pnin
'_' = ?-tl:&' "I L

Fump & Spesd |U :-l Puma B Spesd |L| :_

Cliagiam Samplz Mods - Aukn - Baec Skopped - click EI'I: I hi-gn wecording data IFD: O [F292)

The details in the diagram will vary depending on the experiment chosen if multiple
experiments are available.

In addition to measured variables such as Temperature, Pressure and Flowrate (from
a direct reading flowmeter), calculated data such as Motor Torque, Motor Speed and
Discharge / Volume flowrate (from pressure drop across an orifice plate) are
continuously displayed in data boxes with a white background. These are
automatically updated and cannot be changed by the user.

Manual data input boxes with a coloured background allow constants such as Orifice
Cd and Atmospheric Pressure to be changed by over-typing the default value, if
required.

The data boxes associated with some pressure sensors include a Zero button
alongside. This button is used to compensate for any drift in the zero value, which is
an inherent characteristic of pressure sensors. Pressing the Zero button just before
starting a set of readings resets the zero measurement and allows accurate pressure
measurements to be taken referenced to atmospheric pressure. This action must be
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carried out before the motor is switched on otherwise the pressure readings will be
offset.

The mimic diagram associated with some products includes the facility to select
different experiments or different accessories, usually on the left hand side of the
screen, as shown:

Contralz
W atchdog Enabled

Purmp Ok | \*«.\

Pump Speed 1]

4

Brake Cantral |0

A b

PID - Prezsure
tMaode: Manual
S/P

Accessary a E
+ FMED Impulze Turbine

" FME1 Reaction Turbine
™ FME2 Pelton Turbine
" FME4 Pump Test

Diagram Sanmple Maode - Manual

Clicking on the appropriate accessory or exercise will change the associated mimic
diagram, table, graphs etc to suit the exercise being performed.

Control Facilities in the Mimic Diagram

A Power On button allows the motor to be switched off or on as required. The button
always defaults to off at startup. Clicking this button switches the power on (1) and off
(0) alternately.

A box marked Motor Setting allows the speed of the motor to be varied from 0 to
100% either stepwise, by typing in values, or using the up / down arrows as
appropriate. It is usual to operate the equipment with the motor initially set to 100%,
then reduce the setting as required to investigate the effect of reduced speed on
performance of the equipment.

When the software and hardware are functioning correctly together, the green LED
marked Watchdog Enabled will alternate On and Off. If the Watchdog stops
alternating then this indicates a loss of communication between the hardware and
software that must be investigated.

Details on the operation of any automatic PID Control loops in the software are
included later in this section.

Data Logging Facilities in the Mimic Diagram

There are two types of sampling available in the software, namely Automatic or
Manual. In Automatic logging, samples are taken regularly at a preset but variable
interval. In Manual logging, a single set of samples is taken only when requested by
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the operator (useful when conditions have to be changed and the equipment allowed
to stabilize at a new condition before taking a set of readings).

The type of logging will default to manual or automatic logging as appropriate to the
type of product being operated.

Manual logging is selected when obtaining performance data from a machine where
conditions need to stabilize after changing appropriate settings. To record a set of set

@

of data values from each of the measurement sensors click the === jcon from the

[oo]

main toolbar. One set of data will be recorded each time the === icon is clicked.

Automatic logging is selected when transients need to be recorded so that they can

@

be plotted against time. Click the === icon from the toolbar to start recording, click

the @

icon from the toolbar to stop recording.

The type of logging can be configured by clicking Configure in the Sample drop-
down menu from the upper toolbar as shown:

= BaE

Fie Ecit Yiew Opiors  Somple Fomal Swindos Help

Led & sengb o ME g @ 9@ w| | D@ &

Maxk Resuls

In addition to the choice of Manual or Automatic sampling, the parameters for
Automatic sampling can also be set. Namely, the time interval between samples can
be set to the required number of minutes or seconds. Continuous sampling can be
selected, with no time limit or sampling for a fixed duration can be set to the required
number of hours, minutes or seconds as shown:

|

S
Sanpis o

Samping Opetalian

& lanual

" Bekomabc

Autornalic Sampling Palamstens

Sample [ntereal |1|:| BECE bl |

Duration of Samplng
" Confinious

f+ Fived Duration |1F . rhle ﬂ

|T| Can;-:l| Help

Tabular Display

To view the Table screen click the View Table icon i from the main tool bar or
click Table from the View dropdown menu as shown:
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The data is displayed in a tabular format, similar to the screen as shown:
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As the data is sampled, it is stored in spreadsheet format, updated each time the
data is sampled. The table also contains columns for the calculated values.

New sheets can be added to the spreadsheet for different data runs by clicking the

£221 icon from the main toolbar. Sheets can be renamed by double clicking on the
sheet name at the bottom left corner of the screen (initially Run 1, Run 2 etc) then
entering the required name.

For more detailed information about Data Logging and changing the settings within
the software refer to the Help available via the upper toolbar when operating the
software.

Graphical Display
When several samples have been recorded, they can be viewed in graphical format.
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To view the data in Graphical format click the View graph icon === from the main
tool bar or click Graph from the View drop-down menu as shown:
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The results are displayed in a graphical format as shown:
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(The actual graph displayed will depend on the product selected and the exercise
that is being conducted, the data that has been logged and the parameter(s) that has
been selected).

Powerful and flexible graph plotting tools are available in the software, allowing the
user full choice over what is displayed, including dual y axes, points or lines,
displaying data from different runs, etc. Formatting and scaling is done automatically
by default, but can be changed manually if required.

To change the data displayed on the Graph click Graph Data from the Format
dropdown menu as shown:
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The available parameters (Series of data) are displayed in the left hand pane as
shown:
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Two axes are available for plotting, allowing series with different scaling to be
presented on the same x axis.

To select a series for plotting, click the appropriate series in the left pane so that it is
highlighted then click the appropriate right-facing arrow to move the series into one of
the windows in the right hand pane. Multiple series with the same scaling can be
plotted simultaneously by moving them all into the same window in the right pane.

To remove a series from the graph, click the appropriate series in the right pane so
that it is highlighted then click the appropriate left-facing arrow to move the series into
the left pane.

The X-Axis Content is chosen by default to suit the exercise. The content can be
changed if appropriate by opening the drop down menu at the top of the window.

The format of the graphs, scaling of the axes etc. can be changed if required by
clicking Graph in the Format drop-down menu as shown:
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For more detailed information about changing these settings refer to the Help
available via the upper toolbar when operating the software.

PID Control

Where appropriate, the software associated with some products will include a single
or multiple PID control loops whereby a function on the product can be manually or
automatically controlled using the PC by measuring an appropriate variable and
varying a function such as a heater power or pump speed.

The PID loop can be accessed by clicking the box labelled PID or Control depending
on the particular software:

Inlet Pressure :

0.0 kPa FID
r.....__

Brake Drive

.'.'_,_,::.nr : m
' I:::untn:ull

B [Sample Mode - M anual

A PID screen is then displayed as shown:
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PID Cantroller E
Mode of Operation
Piocess Waliable |
™ Bulomatic
Contbiol Vasiabls | . -]
i+ Marwal
Contral Action | f : -]
Seitings | Laloulaions ‘|
Tire Since Lazt Calculation: 0.250 zecs
Calculated Erar: 000 EFa [ 22 % measured full span |
Propartional Portion of FID oulput, 21,6 % [17.8 % of oulped |
Intearal Portiom of PID autpub 1000 % [82.2 % cf oulpes |
Denvative Porhor of PID output 0.0 % [ 0.0°% of output |
Gain: 01
Caleulated PID autput: 120%
Output at Zera Enor: 3303
Actual PID Outpuk; 1000 %
ok Cancel | Help

The Mode of operation always defaults to Manual control and 0% output when the
software is loaded to ensure safe operation of the equipment. If appropriate, the
operator can retain manual operation and simply vary the value from 0 to 100% in the
Manual Output box, then clicking Apply.

Alternatively, the PID loop can be changed to Automatic operation by clicking the
Automatic button. If any of the PID settings need to be changed from the default
values then these should be adjusted individually before clicking the Apply button.

The controller can be restored to manual operation at any time by clicking the
Manual button. The value in the Manual Output box can be changed as required
before clicking the Apply button.

Settings associated with Automatic Operation such as the Setpoint, Proportional
Band, Integral Time, Derivative Time and Cycle Time (if appropriate) can be
changed by the operator as required before clicking the Apply button.

Clicking Calculations displays the calculations associated with the PID loop to aid
understanding and optimization of the loop when changing settings as shown:

46



Operation

PID Controller n
Mode of Opss aticen
Pracess Wanable | et
& Patomatic
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Demeative Pocbon of PID output 003 [0.0% of cutput |
Gain: 01
Calculated PID aubpul: 232%
Output at Zero Eror; 00=
Actual PID Outpas: 292%
ok Cancel | Helo

Clicking Settings returns the screen to the PID settings.
Clicking OK closes the PID screen but leaves the loop running in the background.

In some instances the Process Variable, Control variable and Control Action can
be varied to suit different exercises, however, in most instances these boxes are
locked to suit a particular exercise. Where the variables can be changed the options
available can be selected via a drop-down menu.

Advanced Features

The software incorporates advanced features such as the facility to recalibrate the
sensor inputs from within the software without resorting to electrical adjustments of
the hardware. For more detailed information about these advanced functions within
the software refer to the Help available via the upper toolbar when operating the
software.

Operating the Equipment

Note: Before operating the equipment ensure that it has been correctly installed in
accordance with the Installation Process, and that you have read the Important
Safety Information at the beginning of this manual.

Switching On

Before operating the apparatus, check that the RCD and circuit breakers at the back
of the equipment are in the ON (up) position:
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The on/off switch for the apparatus is located on the orange panel on the front of the
plinth.

Mains Indicater Light

e LUSB port

s Mains On/Off

W

NOTE: The red and green LCD indicators on the front of the plinth are associated
with the USB connection to the PC. These may be lit even if the PCT40 unit itself is
switched off.

Setting the Pressure Regulator

Before adjusting the flow rate through the pressure regulator, pull out the grey knob
on the right hand side of the regulator (when looking at the plinth from the front):

To increase flow through the pressure regulator, turn the knob slowly in a clockwise
direction (looking at end of knob). The flow rate is measured by a flow meter
downstream of the pressure regulator, and is indicated in L/min on the PCT40
software screen. Flow through the pressure regulator should not be taken above 1.5
L/min as this is the measurement limit of the flow meter. A maximum of 1.4 L/min is
recommended.
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To reduce the flow rate through the pressure regulator, turn the knob slowly in an
anticlockwise direction (looking at end of knob):

Once the appropriate flow rate is achieved, lock the regulator setting by pushing the
grey knob back towards the body of the regulator:

’.&'“'“\\

\\\f‘- Ef_)‘*i
A 72

—— __..l--‘)' L
R

Operating the On/Off Solenoid Valves

There are three On/Off Solenoid Valves on the base unit. SOL1 is located near the
mains water inlet. SOL2 and SOL3 are located near the base of the large process
vessel. When required for a teaching exercise, the valves are operated from the
mimic diagram screen in the PCT40 software. The switches are represented as
buttons on the screen, and are operated by clicking on them with the cursor. The
switches will display a ‘0’ when the valves are off (closed) and a ‘1’ when the valves
are on (open).

saL1 o

[T soLz
o 5003

Some exercises include PID control of one solenoid valve. In these exercises the
valve is controlled via the PID control window, and the switch is displayed onscreen
only to give an indication of whether the switch is in the on or off position.

Operating the Proportioning Solenoid Valve

The Proportioning Solenoid Valve, PSV, is located near the mains water inlet. When
required for the teaching exercise being undertaken, this valve is operated from the
mimic diagram screen in the PCT40 software. The controls for the valve are
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represented by a text display box showing the current setting of the valve as a
percentage value. For exercises requiring manual control of the PSV valve a second
display box will include arrow buttons to increase (up arrow) the value or to decrease
(down arrow) the value. New values may also be typed into this second box.

|1 0
Poy
|1 0 ﬂv
Some exercises include PID control of the proportioning solenoid valve. In these
exercises the valve is controlled via the PID control window, and the control boxes
are displayed onscreen only to give an indication of the valve position and (where
applicable) the current manual setting.

Filling the Process Vessels

The process vessels may if required be filled manually by removing the lid and
pouring water in from the top. The large process vessel may also be filled via the
tappings in the base from the mains inlet pipe. The small process vessel may be
filled from the mains inlet pipe via one of the quick release fittings in the side wall.
These may be connected to solenoid valve 1 (SOL1) or the Proportioning Solenoid
Valve (PSV), and the valve may then be used to regulate flow from the mains inlet
into the process vessel.

The teaching exercises provided in this manual include instructions for filling the
vessel(s) as required.

Using the Guest Push Fittings

Tubes that may be connected to a Guest push fitting require a corresponding rigid
tube coupling on the end of the tube. Align the parallel section of the rigid tube with
the loose collet on the Guest push fitting and push firmly until the tube stops.

=1

orrerliL

To remove the tube, push the loose circular collet against the body of the Guest push
fitting while pulling the tube firmly. The tube will slide out from the fitting. The
tube/fitting can be assembled and disassembled repeatedly without damage.

AT

N G
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Using the Quick Release Fittings

Tubes to be attached to one of the quick release sockets require a corresponding
male coupling on the end of the tube. To connect a tube, push the end of the tube
into the socket until an audible click is heard.

Where appropriate, some quick release fittings incorporate a self-sealing valve to
prevent loss of fluid when the fitting is disconnected.

Controlling the Gear Pump

When required for a teaching exercise, the gear pump is controlled from the mimic
diagram screen in the PCT40 software. The pump setting is displayed as a
percentage value and a value in revolutions per minute. The required setting may be
typed directly into the percentage display box, or adjusted up or down using the
arrow keys attached to the box.

Gear Pump Spesd IEI 3,
55F Drive 2l Mhat IEIrpm

Some exercises include PID control of the gear pump. In these exercises the pump is
controlled via the PID control window, and the control boxes are displayed onscreen
only to give an indication of the pump speed and (where applicable) the current
manual setting.

Using the Peristaltic Pumps

To insert flexible tubing into the pump head:

Raise the cover on the pump head. Adjust the knurled screw at each side until the
indicator aligns with the tube size is indicated (6.3 mm inside diameter in the case of

PCT40). Lay the tube over the rollers then carefully close the pump head ensuring
that the tubing is not trapped and is located centrally in the vee at each side. Not that
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only the silicon tubing with 1.6 mm wall thickness can be used in the peristaltic
pumps.

For teaching exercises that use the peristaltic pumps, the pumps are controlled from
the mimic diagram screen in the PCT40 software. The pump settings are displayed
as percentage values and a value in revolutions per minute. The required settings
may be typed directly into the percentage display box, or adjusted up or down using
the arrow keys attached to the boxes. A fault light is also displayed in the software,
which will light if a fault is detected with the pump.

Fump 1 Speed |45 3,, Fump 2 Speed IEI 3,
M1 IEEIrpm M2 IEIrpm

Some exercises include PID control of one peristaltic pump. In these exercises the
pump is controlled via the PID control window, and the control boxes are displayed
onscreen only to give an indication of the valve position and (where applicable) the
current manual setting.

Operating the Heating Element

The heating element operates on a simple On/Off switch. When required for a
particular teaching exercise it is controlled from the mimic diagram screen in the
PCT40 software. The switch is represented as a button on the screen, and is
operated by clicking on it with the cursor. The switch will display a ‘0’ when the
heating element is off and a ‘1’ when the element is on.

Heater _of

Some exercises include PID control of the heater. In these exercises the heater is
controlled via the PID control window, and the switch is displayed onscreen only to
give an indication of whether the heater is on or off.

The heating element may also be controlled using the thermostat mounted on the lid
of the small process vessel, as described below.

Use of the Thermostat (Temperature Switch)

A thermostat is mounted on the lid of the small process vessel. In some exercises,
the heating element is controlled using this thermostat. The thermostat switches the
heater on when the temperature in the vessel is below a Set Point value, and off
when the temperature is above that value. The Set Point may be selected using the
circular selector on top of the thermostat. Thermostat control may be selected in the
software by selecting the Thermostat radio button on the mimic diagram screen of
the software:

) None

On/Off - Heater ——————
|7€' Thermosztat

Use of the Differential Pressure Sensors

When required, the outputs from the differential pressure sensors are displayed on
the mimic diagram screen in the PCT40 software. The pressure sensors are located
inside the manifold block in front of the large process vessel, and each is used in
conjunction with an orifice within the block. P1 and P2 are only used for small
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flowrates associated with PCT41. To direct flow through the large orifice / P3,
connect the outlet flow from the peristaltic pump to the self-sealing fitting front of the
manifold block, as described in the appropriate teaching exercise. Connect another
tube to the Guest push fitting on the back of the manifold and direct the outlet flow as
required for the exercise. The internal pressure sensor will then provide the
differential pressure between the opposite sides of the orifice. Note that the
downstream connection from the orifice to P3 incorporates an in-line quick release
connector. In normal use this is connected to give differential pressure that is related
to flow. Alternatively the connection can be broken, with the sensor vented to
atmosphere to allow line pressure to be measured. In some exercises, the second
pump is connected to the upstream side of the orifice using the connector on the right
hand end of the block.

Emptying tubes with self-sealing ends

Some of the tubes supplied with the equipment have self-sealing ends. This prevents
any fluid from draining out of the apparatus when changing the configuration of the
plumbing. However, it also prevents water draining naturally from the tubing when the
tubing is not in use. It is therefore recommended that the tubing be manually drained
if the equipment is not to be used for some time, to prevent any possibility of harmful
micro-organisms building up inside the trapped water.

Self-sealing fittings may be manually drained as follows:
Hold both ends of the tubing over a suitable sink or drain.

Depress the ends of both self-sealing fittings, taking care not to completely block the
ends, allowing water to drain.

Tilt the tube until all the water has drained out.
The tubing can now safely be stored until needed.

Calibration of the sensor conditioning circuits

Zero and Span potentiometers for the sensor conditioning circuits are grouped
together at the right hand end of the bottom moulded plinth section. These controls
can be accessed by removing the small cover plate. The location of the
potentiometers is shown on a diagram attached to the rear of the cover plate. The
diagram is included below for information.
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P1 ZERO P3 SPAN

L1 SPAN

L1 ZERO T4 ZERO

PIN 1 5V @ 200°C

PIN2 5V @ 200°C

PIN3 5V @ 200°C

PIN 4 5V @ 200°C

PIN 5 COLD JUNCTION 10 mV¥/"C
PIN 6 COLD JUNCTION SPAN
PIN7 5V @ 355.6mm

PIN8 5V @ 355.6mm
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PIN 12 CONDUCTIVITY mVAC

VRI1§
VR17
VRS

VR19
VYR8
VR15
VR14
VRZ
VR1
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L
S PIN 13 CONDUCTIVITY mVAC
Ly 19 CONN3 1 PIN 14 OV
J L PIN 15 OV
LEVEL PROBE B (+V) SENSITIVITY T1 ZERD
LEVEL PROBE (OV) SENSITIVITY — T2 ZERD
HOT WATER VESSEL SENSITIVITY COLD JUNCTION ZERO
C1 SPAN pH ZERD
C1 EXITATION pH SPAN

Note: The software supplied with the PCT40 includes the ability to recalibrate each
of the sensors if necessary. Small changes in calibration should therefore be made
using the software. Re-calibration using the potentiometers should not therefore be
necessary unless a large change is required such as following the replacement of a
sensor etc.

DAC Programming

A 12-bit DAC (Digital to Analogue Converter) Chip is used to control the Gear Pump
and PSV on the PCT40.

The chip is model number LTC1456. A datasheet can be found on the Internet by
entering the part number into a search engine such as Google.

The required output must first be coded into binary. The output can be from 0 to
4095.

All three lines should be set low (0). The most significant bit (MSB) should then be
set on line 2, and then a clock pulse should be sent on line 1. This is repeated until
the least significant bit (LSB) has been sent and clocked.

A load pulse should then be sent on line 3.

However, on PCT40, two chips are used in series, and so 24 bits must be sent
before the load pulse. The first 12 bits will control the hot water pump, and the last 12
will control the solenoid valve.

Connections using flexible tubes

A set of flexible tubes is supplied with the PCT40. The tubes vary in material, length
terminations etc and are used in different applications on PCT40. The tubes are
listed below with a brief description and details of their application.

2 x 2.5m long flexible silicone rubber tube, 6.3mm bore, 1.6mm wall (Unsealed
quick release fittings both ends). Used in peristaltic pumps A and B.

2 x 2m long flexible clear PVC tubes (90 degree Guest push fitting / plain end).
Used to connect outlet of SOL2 and SOL3 to drain
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2 x 1m long flexible clear PVC tubes (Sealed quick release fittings both ends).
Used to connect between different vessels / control devices.

1 x 2m long flexible clear PVC tube (Guest push fitting / plain end). Used to
connect T4 or P3 to drain.

1 x 1m long flexible clear PVC tube (Guest push fitting / unsealed quick release
fitting). Used for connecting inlet of coil (T2) to control device E.g. SOL1.

1 x 2m long flexible clear PVC tube (Unsealed quick release fitting / Guest push
fitting with flow control valve). Used to connect outlet of coil (T3) or small process
vessel to drain with valve to vary flowrate when required.

1 x 1.5m long flexible clear PVC tube (9 mm ID, Plain end / plain end). Used to
connect drain valve in moulded channel to drain

1 x 4m long flexible clear PVC tube (Unsealed quick release fitting / Guest push
fitting). Used as a holding tube when connected between T3 and T4.
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Equipment Specifications

Overall Dimensions

Height 0.725m
Width 1.000 m (plinth)
Depth

Electrical Supply

0.530 m (plinth plus pumps)

The equipment requires connection to a single phase, fused electrical supply.

Model PCT40-A PCT40-B PCT40-G
GREEN/YELLOW |Earth (Ground) Earth (Ground) Earth (Ground)
BROWN Live (Hot) Live (Hot) Live (Hot)
BLUE Neutral Neutral Neutral (Hot)
Fuse Rating 10 AMP 20 A 10A

\Voltage 220-240V 110-120V 220V
Frequency 50 Hz 60 Hz 60 Hz

I/0O Port Pin Connections

The 60 way I/O connector at the right-hand end of the moulded plinth carries the
control signals to / from accessories such as the PCT43 Electronic Console. This
connector can be used to connect other devices to the PCT40 if required for project
work etc. The pin-outs on the connector are as follows:

Pin

NoO Channel No
1 Channel 0
2 Channel 1
3 Channel 2
4 Channel 3
5 Channel 4
6 Channel 5
7 Channel 6

PCT43 Function

Temperature T1
Temperature T2
Temperature T3
Temperature T4
Pressure P1
Pressure P2

Pressure P3

Signal

Eng Unit

0-200 °C
0-200 °C
0-200 °C
0-200 °C
0 —-355.6 mm
0 —-355.6 mm

0 —-355.6 mm
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11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

Channel 7
Channel 8
Channel 9
Channel 10
Channel 11
Channel 12
Channel 13
Channel 14

+5V Out

Analog ground
Amp Lo

+12V Out

-12V Out

Power Ground
DACO Output
DACO Ground
DAC1 Output
DAC1 Ground
Digital Ground
Digital Ground
Digital Input Line O
Digital Input Line 1
Digital Input Line 2

Digital Input Line 3

Equipment Specifications

Level L1 0-5vV 0-300mm
Flowrate F1 0-5v |0-151/min
USER INPUT 0-5Vv -
Conductivity 0-5v |0-200mS
pH 0-5V 0-14pH
Not used

Not used

Not used

+5V Supply

ov

ov

+12V Supply

-12V Supply

ov

Pump A Speed 0-5V RPM

ov

Pump B Speed 0-5V RPM

ov

Not used
Not used
HW Vessel Low Level

HW Vessel Over Temp
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32 | Digital Ground

33 | Digital Input Line 4
34 |Digital Input Line 5
35 | Digital Input Line 6
36 |Digital Input Line 7
37 | Digital Ground

38 | Digital Output Line O
39 | Digital Output Line 1
40 |Digital Output Line 2
41 |Digital Output Line 3
42 | Digital Ground

43 |Digital Output Line 4
44 | Digital Output Line 5
45 | Digital Output Line 6
46 | Digital Output Line 7
47 | Digital Ground

48 |Aux Output 1

49 |Aux Output 2
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ov

Thermostat on/off
Level switch on/off

Not used

Diff Level Switch on/off
ov

DAC-CLK

(Hot water pump and
PSV control)

DAC-Din

(Hot water pump and
PSV control)

DAC-CS/LD

(Hot water pump and
PSV control)

SSR Drive

Solenoid valve SOL1
on/off

Solenoid valve SOL2
on/off

Solenoid valve SOL3
on/off

PCTA41 Stirrer on/off
ov
USB/PCT43 Control

Gear Pump or PCT44

0-5V
valve



50 |Aux Output 3 PSV Control
51 +24V Supply
52 +24V Supply
53 +24V Supply
54 ov

55 ov

56 ov

57 +12V Supply
58 +5V Supply
59 -12V Supply
60 ov

Other Specifications

Equipment Specifications

0-5V

Temperature sensors T1 — T4

Type k, 0 — 200 °C

Pressure sensor L1

Piezo, 0 - 300 mm H20 (gauge)

Pressure sensors P1 — P3

Piezo, 0 - 355.6 mm (differential)

Turbine flowmeter

0.2 — 1.5 litres/min

Solenoid valve SOL1

Orifice 2.4 mm diameter

Solenoid valve SOL2

Orifice 2.4 mm diameter

Solenoid valve SOL3

Orifice 3.2 mm diameter

Proportioning Solenoid Valve

Orifice 2.4 mm diameter

Peristaltic Pump Flow rate (6.3 mm ID
tube)

0 — 1.3 litres/min (nominal)

Large Process Vessel Capacity (Full)

6.8 litres (nominal)

Large Process Vessel Capacity
(Reduced)

4 litres (nominal)
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Heater power (small process vessel) 2 kW (nominal)

Maximum hot water temperature 80 °C (nominal)

Environmental Conditions

This equipment has been designed for operation in the following environmental
conditions. Operation outside of these conditions may result reduced performance,
damage to the equipment or hazard to the operator.

a.

b.
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Indoor use;
Altitude up to 2000 m;
Temperature 5 °C to 40 °C;

Maximum relative humidity 80 % for temperatures up to 31 °C, decreasing
linearly to 50 % relative humidity at 40 °C;

Mains supply voltage fluctuations up to £10 % of the nominal voltage;
Transient over-voltages typically present on the MAINS supply;

Note: The normal level of transient over-voltages is impulse withstand (over-
voltage) category Il of IEC 60364-4-443;

Pollution degree 2.
Normally only nonconductive pollution occurs.
Temporary conductivity caused by condensation is to be expected.

Typical of an office or laboratory environment




Routine Maintenance

Responsibility

To preserve the life and efficient operation of the equipment it is important that the
equipment is properly maintained. Regular maintenance of the equipment is the
responsibility of the end user and must be performed by qualified personnel who
understand the operation of the equipment.

General
The equipment should be disconnected from the electrical supply when not in use.

The process vessels, optional reactor vessel, heating/cooling coil and pipework
should be drained after use. Water pumped through the equipment will remove
chemical deposits from the pumps, flowmeter, supply lines etc.

In areas of hard water, the amount of scale in the process vessels and pipework can
be reduced by fitting a de-ioniser in-line with the water supply to the equipment.

After use, release the heads of the peristaltic pumps by pivoting the clamp on the
pump head upwards and backwards to expose the rotor. This takes the pressure off
the flexible tubing and will prolong the life of the tubing.

The life of the flexible tubing used in the peristaltic pump heads can be extended by
moving the tubing through the pump head to an unused section at regular intervals.

When replacement of the flexible tubing is necessary it is important to ensure that the
replacement tubing is compatible as follows:

PCT40 exercises
Altec code 01-93-1432
Material ‘Altesil’ High Strength Silicon Rubber
Wall thickness 1.6 mm
Inside diameter 6.3 mm
PCT41 exercises

Watson Marlow code 913.A032.016

Material Silicon Rubber
Wall thickness 1.6 mm
Inside diameter 3.2 mm

General connections on Process Plant Trainer
Material Clear PVC

Inside diameter 6 mm or 9 mm as appropriate
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Note: Before attempting to replace the flexible tubing in either peristaltic pump head,
ensure that the equipment has been switched off to prevent inadvertent rotation of
the rollers.

Before installing the flexible tubing ensure that the adjusters on either side of the
pump head (at the bottom) have been set to the diameter of tube in use. (The
standard tubing supplied with PCT40 has a bore of 6.3 mm and the tubing supplied
with PCT41 has a bore of 3.2 mm so the indicator must align with the 6.4 mark or the
3.2 mark as appropriate when the head is unclamped.) To install or replace the
flexible tubing lift the clamp (on the top of the pump head) upwards and backwards to
expose the rotor. Load the tubing into the slot between the rotor and pump head then
close the pump head by pushing the clamp forwards and downwards. The clamp will
click shut. The tube will retain its elasticity for many hours of use but there is
sufficient length to allow the tube to be moved to other positions of less wear. It is
essential to release the clamp when the equipment is not being used to prevent
permanent deformation of the tube.

RCD Test

Test the RCD by pressing the TEST button at least once a month. If the RCD button
does not trip when the Test button is pressed then the equipment must not be used
and should be checked by a competent electrician.

Cleaning the Equipment

Build-up of scale on the inside of the process vessels can be minimised by drying the
vessels when they are to be left unused for some time. Scale that does develop
within the large process vessel may be cleaned by hand.

It will be necessary to clean the filter in the pressure regulator at regular intervals. If
the filter is visibly obstructed or the inlet flow rate appears reduced then the filter may
need cleaning. Remove the filter from the equipment and clean by flushing with clean
water flowing in the opposite direction to normal flow. The frequency of cleaning will
depend on the cleanliness of the water supply.

Any build up of scale in the pipe work or process vessels can be removed by passing
a mild descaler through the system then flushing thoroughly with clean water. Any
stubborn deposits in the large process vessel can be eliminated by manual cleaning.
Remaining deposits in the smaller vessel may need longer soaking in descaling
solution. Always follow the instructions provided with the descaler regarding suitable
dilution of the chemical.

The water in both of the process vessels should be drained after use or at least
changed at regular intervals to prevent the growth of algae that may present a hazard
to health.

Accessing the electrical circuits inside the plinth

Maintenance of the PCT40 does not require access to the electrical circuits or
components located inside the moulded plinth. However, in the event of an electrical
problem it may be necessary for a competent electrician to gain access to the inside
of the mouldings as follows:

Ensure that the equipment is disconnected from the electrical supply (not just
switched off).
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Drain any liquids contained in the process vessels and reactors, and remove any
flexible tubing connected to the pumps, valves etc.

Drain the moulded channel in the plinth via the channel drain valve located in the
recess at the left hand end, then unscrew the drain valve and remove it.

Unscrew the six fixings around the periphery of the plinth top.

Carefully raise the front of the top moulded section — the two sections are hinged at
the rear. Unclip the prop that is located inside the front of the bottom moulded section
then support the top section centrally at the front using the prop. Ensure that the prop
is properly located in the appropriate recesses.

The electrical circuits inside the bottom moulded plinth section are accessible for
working on.

A circuit diagram showing the mains and DC electrical circuits inside the plinth is
included in the Electrical Wiring Diagram to assist in fault finding.

Re-assembly of the top and bottom moulded plinth sections is the inverse of the
above instructions.

Freeing a seized hot water pump

In normal use the hot water pump should not require any routine maintenance and
running should keep the gears free from scale due to hard water etc. However, if the
water is contaminated with flakes of hardness or dirt particles then the gears inside
the pump might seize because of the small operating clearances that are necessary.
If the hot water pump does not operate when switched on it then it will be necessary
to check the pump as follows:

Disconnect the electrical supply to the equipment.

Disconnect any flexible tubes connected to the gear pump to minimize loss of
water when the pump is opened.

Remove the rectangular end cover from the head of the pump by unscrewing the
four cap headed screws using a hexagon wrench (Allen key). Any water draining
from the pump will drain into the top of the plinth.

Inspect the gears, cover etc for any contamination and clean as necessary but do
not use any harsh abrasives or volatile solvents on the plastic gears or the
anodized aluminium body.

If it is necessary to remove the plastic gears take care not to damage the gears
or to lose the drive key inside the driven gear. If the gears are stubborn to remove
then a pair of tweezers or similar tool may be used to extract the gears by
grasping one of the flutes.

When the pump is clean replace the gears ensuring that the drive key is correctly
located inside the slot in the driven shaft. Ensure that the gears are free to rotate
before replacing the end cover.

Ensure that the sealing gasket is correctly located in the groove on the end face of
the pump body then replace the end cover and secure it using the four screws.
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Reconnect the flexible connections and reconnect the electrical supply. Ensure that
the hot water vessel is full with water then check satisfactory operation of the pump.
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Laboratory Teaching Exercises

Index to Exercises
Exercise A: On/off level switch

Exercise B: Differential level switch

Exercise C: Manual operation of Normally Closed solenoid valve

Exercise D: Proportional pressure input with on/off controller

Exercise E: Proportional pressure input with time proportional controller

Exercise F: Manual operation of Proportioning Solenoid Valve

Exercise G: Proportional pressure input with PID controller

Exercise H: Manual operation of Normally Closed solenoid valve

Exercise |: Proportional pressure input with on/off controller

Exercise J: Proportional pressure input with time proportional controller

Exercise K: Manual control of peristaltic outlet pump speed

Exercise L: Proportional pressure input with PID controller

Exercise M: Manual control of heater

Exercise N: On/off control using proportional temperature input

Exercise O: Time proportional control with proportional temperature input

Exercise P: PID control using proportional temperature input

Exercise Q: Manual control of heater power

Exercise R: Thermostat control

Exercise S: Temperature input with on/off control

Exercise T: Temperature input with time proportional control

Exercise U: Proportional temperature input with PID control

Exercise V: Manual control of heater power

Exercise W: Temperature input with on/off control

Exercise X: Temperature input with time proportional control

Exercise Y: Proportional temperature input with PID control

Exercise Z: Manual control of pump speed

Exercise AA: Proportional temperature input with PID control
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Exercise BB: Manual control of flow rate

Exercise CC: Proportional flow rate input with PID control

Exercise DD: Manual control of proportioning valve setting

Exercise EE: Proportional pressure input with PID control
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